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Abstract
Bone marrow transplantation has been used as experimental therapy in solid tumors, but

favorable results have been achieved only in lymphomas and germinal tumors. Recent

investigations have reported MHC-I haplotype loss in cancer cells in approximately 30% of solid

tumors. Based on these findings, we hypothesize that al logenic bone marrow haploidentical

transplantation would induce a graft-versus-tumor reaction, and thus it could be an effective

treatment for cancer.
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Introduction
Traditional ly, bone marrow transplantation

has been used in the treatment of

hematological malignancies (leukemias),

al lowing patients to receive myeloablative

doses of chemotherapy and to take

advantage of the graft-versus-tumor effect. [1 ]

In Medical Oncology practice, bone marrow

transplantation has been also contemplated

as a means to provide high-dose

chemotherapy in lymphomas and germinal

tumors.[2] Likewise, bone marrow

transplantation has been tried in sol id tumors

such as breast cancer to increase tolerance

to higher doses of chemotherapy. However,

no significant improvement in terms of

treatment effectiveness has been

demonstrated.[3] In sum, although bone

marrow transplantation has been traditional ly

used to increase chemotherapy tolerance

and/or the efficacy of conventional therapies,

it has never been used to induce a cellular

rejection response against tumor tissues.

Hypothesis
Our hypothesis consists of using al logeneic

transplantation of hematopoietic precursors

as a therapeutic weapon against sol id

tumors based on a graft-versus-tumor

reaction. Because loss of Major

Histocompatibi l ity Complex type 1 (MHC-I)

haplotype has been reported in more than

30% of solid tumors[4], using a bone marrow

MHC-haplotype compatible with that loss

would generate a graft-versus-tumor

reaction. By contrast, the transplanted bone

marrow would show tolerance towards

healthy tissues since they would share the

same MHC-I haplotype. Therefore, it would

be necessary to select a bone marrow with

the same haplotype for MHC-I (i .e. HLA-A,

HLA-B or HLA-C) as the haplotype lost in the

tumor cells. Newly generated T lymphocytes

by the patient would share one MHC-I
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haplotype with the receptor, so there would

be no rejection against non-tumor cells.

However, these T lymphocytes would induce

an intense immunological response against

tumor cells. Moreover, Natural Kil ler (NK)-

dependent cel l ki l l ing mechanisms would be

activated given the presence of an MHC-I

molecule not recognizable by the immune

system.[5, 6] Figure 1 (see below)

summarizes the immunological mechanisms

stated in our hypothesis. I t must be stressed

that this kind of transplantation would be

haploidentical, which implies the need for a

special processing of bone marrow

precursors in order to minimize the risk of

rejection against healthy tissues.[7]

Figure 1. Immunological mechanisms underlying our
hypothesis. T lymphocytes from the transplanted graft

would be compatible only with one of the two

haplotypes of the receptor (haploidentical

transplantation). Such compatibi l ity would prevent

healthy tissues from destruction by T cells. Conversely,

tumor cells that lost the compatible haplotype would be

recognized as foreign cells by transplanted T

lymphocytes and destroyed by T cells and NK cells.

Supporting arguments
Recently, immune-checkpoints such as PD-

1 , PDL-1 , PDL-2 or CTLA-4 have been

discovered. These checkpoints play a major

role in the escape of tumor cells from

immune surveil lance and have served as

molecular targets for antibody-based

therapies with monoclonal antibodies such

as nivolumab, ipi l imumab or atezolizumab[8]

A few years ago, research on mechanisms

of tumor escape from immune surveil lance

focused on the modulation of MHC-I

expression by tumor cells. After many

analyses of MHC-I expression, six

phenotypes were established: i) MHC-I

expression without modulation (23-26%), i i)

total loss of MHC-I expression (phenotype 1 )

(1 1 -25%), i i i) loss of an MHC-I haplotype

(phenotype 2) (1 9-34%), iv) loss of an MHC-I

locus (phenotype 3) (6-1 6%); v) MHC-I

al lel ic loss (phenotype 4) (1 0-1 5%), and vi)

mixed phenotype (1 0-1 5%).

Haplotype loss has been special ly

described in tumors of the prostate[9],

larynx[1 0], colon[11 ], melanoma[1 2],

pancreas[1 3], and non-Hodgkin's

lymphoma.[1 4] I t has also been described in

non-microcytic lung cancer in up to 42% of

the cases studied.[1 5] MHC-I haplotype loss

can be detected in approximately 30% of

solid tumors, and it is usually due to the loss

of one of the two copies of chromosome 6 or

its fragments (p arm) during oncogenesis. [4]

Therefore, an immune response could be

targeted against these tumors using an

allogeneic bone marrow transplantation only

compatible with the lost haplotype. This

would lead to tumor rejection along with

healthy tissue tolerance.

Currently, therapies known as CAR

and TCR are being developed. Briefly, they

consist of designing T cells with TCR

receptors with different degrees of

chimerism aimed to recognize tumor-

associated antigens. However, despite their

favorable results, neurological toxicity based

on the similarity between tumor and healthy

tissue antigens[1 6] is a major therapeutic

l imitation. The treatment proposed herein
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would avoid such inconvenient, ensuring

compatibi l ity with healthy tissues.

Conclusions
MHC-I haplotype loss observed in a high

percentage of solid tumors (1 9-34%) may

provide a basis for the design of new

therapies. Allogeneic bone marrow

haploidentical transplantation sharing the

haplotype lost in tumor cells could be used as

a therapeutic strategy in tumors with this

molecular anomaly, especial ly in patients who

have exhausted all treatment options and

present good Performance Status.
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